Introduction
Recently, vertical transistors attract significant attention since they are power-saving devices. The static induction transistors [1] and the polymer space-charge-limited transistors (SCLT) [2, 3] are two famous vertical transistors. For polymer SCLT, so far, the operation voltage can be as low as 1.5 V, and the on/off current ratio can be 10 3 -10 5 . Device structure of conventional SCLT is shown in Fig. 1 . ITO bottom electrode was used as bottom emitter while Al top electrode was used as top collector. Poly(3-hexylthiophene) (P3HT) was conventionally utilized as the active material in polymer SCLT. In the active area of the conventional SCLT, the holes are injected into the P3HT by the emitter at the bottom of the SCLT, passing through the openings on the base, and being collected by the collector. However, it have been reported that the wok function of the oxygen plasma-treated ITO was unstable. In addition, P3HT is sensitive to air and shows degradation of electrical characteristics. Except for the transistor performance, the SCLT have to be very stable before it can be used as a key component in a commercialized product. The fabrication cost is another issue which should be as low as possible. In this work, therefore, we realized a top injection SCLT based on poly[5,5'-bis(3-dodecyl-2-thienyl)-2,2'-bithiophene] (PQT-12) which is an air-stable polymer. The operation voltage is as low as 0.6 V, the on/off current ratio is 10 4 -10 5 , and the switching swing is 105 mV/decade. The inverter based on PQT-12 SCLT was also demonstrated. We also demonstrated that the blade coating technique can be utilized to fabricate the SCLT. These two contributions demonstrate the possibility of an air-stable SCLT and a roll-to-roll process for mass production of the SCLT. 
Device fabrication procedures
Devices were prepared on ITO glass substrates. A layer of cross-linked PVP was first prepared on the ITO substrate. A layer of P3HT (Rieke Metal) was then spin coated on PVP, annealed at 200 °C for 10 min, and spin rinsed by xylene to form a thin layer of 15 nm. The polystyrene (PS) spheres of 100 nm diameter were adsorbed on the P3HT surface as the shadow masks. Al of 60 nm was deposited as the base electrode, and then the PS spheres were removed by adhesive tape. The PVP at the sites without Al coverage was removed by oxygen plasma (RF). The PQT-12 in chlorobenzene was then drop-casted or the P3HT was blade-coated as the active material. 
Results
Many semiconducting polymers have been synthesized with better air stability and carrier mobility such as poly(2,5-bis(3-tetradecylthiophen-2-yl)thieno [3,2-b]thiophene) (PBTTT) and PQT-12. However, because the highest occupied molecular orbital (HOMO) energy levels of PQT-12 and PBTTT are −5.24 eV and −5.10 eV, respectively but the work function of oxygen plasma-treated ITO is only about 5.0 eV, the hole injection barrier is high for conventional SCLT using PQT-12 or PBTTT as active material. Therefore, we developed a new SCLT using MoO 3 /Al as the top emitter for efficient hole injection. The device structure of top injection PQT-12 SCLT is shown in Fig. 2 . The transistor characteristics of PQT-12 SCLT are shown in Fig. 3 . The operation voltage is only about 0.6 V, the on/off current ratio is 10 4 -10 5 , and the switching swing is 105 mV/decade. The blade coating technique was developed to fabricate multilayer polymer light-emitting diodes. It has been demonstrated that a uniform and large area polymer film can be fabricated by blade coating. The efficiency of the blade coated polymer light-emitting diode is comparable to the one made by thermal evaporation. In this work, we used the blade coating technique to fabricate the SCLT in order to demonstrate that the SCLT can be fabricated by roll-to-roll process. As a first step, the blade coating technique was used to adsorb PS spheres on the substrate. As shown in Fig. 5 , the non-close-packed array of PS sphere can be achieved. Then, blade coating technique was used to form P3HT as the active material. Transistor characteristics of the P3HT SCLT made by blade coating technique are shown in Fig. 6 . The output current density can be as high as 51 mA/cm 2 as the collector voltage is 1.5 V. Such a high output current density was never achieved before for P3HT SCLT made by spin coating. Such a high output current density is enough for driving a high efficiency organic light-emitting diode.
Conclusions
A vertical transistor made of air stable semiconducting polymer was realized. The operation voltage is only about 0.6 V, the on/off current ratio is 10 4 -10 5 , and the switching swing is 105 mV/decade. An inverter based on this vertical transistor was also realized. The blade coating was utilized to fabricate the vertical transistor for the first time. It was found that the output current density can be increased to as high as 51 mA/cm 2 . 
